demyelination progresses centrally to the posterior nerve roots of the spinal cord.
It is to be noted that although at present the etiology, prevention, and treatment of the peripheral neuropathy of human beriberi are well understood, its pathogenesis is completely in the dark. Animal experimentation has served to clarify first the etiologic role which the antineuritic vitamin (thiamin) plays in beriberi and then the progression of the anatomic changes in this disease, but as yet it has yielded no clue as to the mechanism by which the nerve degeneration is produced.
Typical cases of beriberi, such as are frequently seen in the Orient and in South America, are encountered but rarely in the United States except for certain sections on the West Coast. But the neuropathy of beriberi is found in this country with considerable frequency under a variety of different circumstances and in association with other organic diseases.14 It has been described in chronic alcoholism, in persistent vomiting of pregnancy, and in certain cases of diabetes mellitus. "Polyneuritis" has been observed in tuberculosis and in malignancy of the alimentary tract, in arteriosclerotic heart disease with congestive failure, and in hyperparathyroidism. Undoubtedly it occurs under many other circumstances. That the peripheral nerve lesions are the result of B1-avitaminosis has been proved quite conclusively for chronic alcoholism,3' 9and strong evidence exists to indicate that this is true also for at least some of the other condi- from that which occurs in beriberi. But in pellagra there also fre-quently appear changes in the fiber tracts of the spinal cord. These changes consist of degeneration of the medullary sheaths of the posterior columns and occasionally of the anterior and lateral pyramidal tracts (Fig. 4) . In rare instances the lateral sensory tracts are similarly involved. The degenerated myelin sheaths are ultimately replaced by gliosis. Such changes are not found, of course, in every case of pellagra, but they occur with sufficient regularity to constitute an integral part of the pathologic picture.
Another frequent alteration in the nervous systems of pellagrins is that change in the ganglion cells which is called "axonal" or "primare Zellreizung" of Nissl (Fig. 5 ). This cellular change is found in the giant cells of Betz in the motor cortex and in the anterior horn cells of the spinal cord. As yet, all experimental efforts to reproduce this type of cellular change by means of deficient diets have been to no avail.
Recent experiments with riboflavin5 " have shown that identical spinal cord lesions can be produced regularly in the dog with diets deficient in this substance (Fig. 6) . As yet, however, there are no clinical observations on the effect of this substance on the cord lesions in pellagra. In only one instance'3 has experimental evidence been adduced to indicate that cord lesions will develop in animals receiving riboflavin. This particular deficiency is also responsible for demyelinating changes in peripheral nerves-changes of the same type as are produced by B,-deficiency. And in pellagra the symptoms of "neuritis," as has been shown by Spies and his co-workers,6' 7, 8 are improved only with the administration of vitamin B,. It is interesting to observe that the dermal and alimentary tract lesions of pellagra are benefited only by nicotinic acid and the peripheral neuropathy by thiamin. Thus, already two factors are known and possibly also riboflavin, whose absence from the diet is responsible for the production of pellagra.
In both chronic alcoholism and pernicious vomiting of pregnancy there often occur changes in the brain of a pseudo-encephalitic, hemorrhagic variety named after Wernicke. '4 In the early stages these changes consist of capillary dilatation and hemorrhage, with a minimal amount of leukocytic and lymphocytic perivascular infiltration (Fig. 7) . The capillaries then begin to proliferate, the endothelium becomes swollen and the constituent cells undergo mitotic division. There is an increase in the perivascular connective tissue, which imparts great prominence to the blood vessels it surrounds (Fig. 8) . The ganglion cells gradually disintegrate and are replaced by astrocytes, microglia, and fibroblasts. Mononuclear phagocytes filled with fat and other debris are conspicuous at first, but gradually disappear. The end-stage of the process is represented by vascularized scar tissue. These changes transpire in certain zones of predilection, these being the periventricular gray matter, especially around the third ventricle, the mammillary bodies, the peri-aqueductal region, the corpora quadrigemina, and the cranial nerve nudei beneath the ependyma of the fourth ventricle. The lesions can often be recognized as brownish discolorations on macroscopic examination of the involved portions of the brain. One or another of the enumerated zones may escape involvement.
No clue was obtained until very recently of the etiology of this superior polio-encephalitis hemorrhagica of Wernicke. In 1934, however, Prickett4 described hemorrhagic lesions in the floor of the fourth ventricle of vitamin B1-deficient rats. In 1938, Alexander and his associates' described similar lesions in the brains of pigeons which developed beriberi, and these workers related their findings to Wernicke's disease. In our own laboratory, a review of earlier work on B1-avitaminosis12 has disclosed the fact that the experimental counterpart of Wernicke's disease has been, produced in pigeons (Fig. 9 ) and in dogs ( Fig. 10) with amazing regularity in the chronically deficient animals. This has escaped our attention for a long time. Prickett more recently has been repeating his earlier work with carefully controlled B1-deficient diets and has again succeeded in producing hemorrhagic, pseudo-encephalitic lesions in the rat (Fig. I 1) . Diets deficient in riboflavin, nicotinic acid, and B6 do not produce these changes. It seems fair to say at present that no other vitamin deficiency is responsible for them.
The problem of the pathology of the nervous system in vitamin deficiencies is thus intimately associated with vitamin B1 or thiamin deficiency, and with riboflavin deficiency. The former is responsible for the peripheral neuropathy or "polyneuritis" and for the hemorrhagic polio-encephalitis of Wernicke; the latter is probably responsible for the fiber tract degeneration in the spinal cord and for some of the demyelination of peripheral nerves. Summary
Lesions of the nervous system produced experimentally in pigeons, rats, and dogs which have been fed vitamin B1-deficient diets are compared with the polyneuritides which occur in human beriberi, chronic alcoholism, vomiting of pregnancy, diabetes mellitus, and a variety of other organic diseases. These peripheral nerve lesions are non-inflammatory, consisting first of medullary sheath destruction and later of axone disintegration also. Differences are shown in the anatomic changes resulting from acute as compared with chronic deficiencies of this vitamin.
The nutritional factors underlying pellagra are presented from an analysis of human cases and experimental data. The nervous system pathology as it occurs in man is compared with that produced experimentally. Peripheral nerve demyelination is found quite regularly, but in addition there is posterior column degeneration. In isolated instances the lateral spinal sensory and the pyramidal tracts are similarly involved. In man alone do the Betz cells in the motor cortex disdose pathologic changes of the "axonal" variety.
Attention is directed to the frequent association between the Wernicke type of hemorrhagic pseudo-encephalitis and B1-avitaminosis. The experimental counterpart of this lesion is presented in some detail. U. .,#
